Novelty and sensation seeking have been associated with elevated drug intake in human and animal studies, suggesting overlap in the circuitry mediating these behaviors. In this study, we found that C57Bl/6J mice readily acquired operant responding for dynamic visual stimuli, a phenomenon we term operant sensation seeking (OSS). Like operant studies using other reinforcers, mice responded on fixed and progressive ratio schedules, were resistant to extinction, and had sustained responding with extended access. We also found that OSS, like psychostimulant self-administration, is sensitive to disruption of dopamine signaling. Low doses of the dopamine antagonist cisflupenthixol increased active lever responding, an effect reported for psychostimulant self-administration. Additionally, D1-deficient mice failed to acquire OSS, although they readily acquired lever pressing for food. Finally, we found that one common measure of novelty seeking, locomotor activity in a novel open field, did not predict OSS performance. OSS may have predictive validity for screening compounds for use in the treatment of drug addiction. In addition, we also discuss the potential relevance of this animal model to the field of behavioral addictions.
INTRODUCTION
Novelty and sensation seeking have been associated with elevated drug intake in humans (Zuckerman, 1986; Cloninger, 1987) , and reactivity to inescapable novelty is associated with increased sensitivity to the reinforcing effects of psychostimulants in rodents, (Piazza et al, 1989) . These associations suggest an overlap in the neural substrates that encode the reinforcing values of both of these constructs. Consistent with this notion, novelty and predictable visual stimuli have been shown to serve as reinforcers in rat models, such as place preference (Bardo et al, 1989) and operant behavior (Stewart, 1960; Caggiula et al, 2001; Cain et al, 2006) . Like natural (ie, food and sexual cues) and pharmacological (ie, drugs of abuse) reinforcers (for review, see Di Chiara et al, 2004) , novel stimuli can also increase mesolimbic dopamine (DA) levels (Rebec et al, 1997) . Interestingly, drugs of abuse increase DA levels specifically in the shell subregion (Pontieri et al, 1995; Di Chiara et al, 2004) , whereas the natural reinforcers, such as food and sexual cues (Mitchell and Gratton, 1992) , only increase DA within the core. Like drugs of abuse, novel stimuli have been shown to elevate DA specifically in the nucleus accumbens (NAc) shell, and not the core (Rebec et al, 1997) . Novel food has been shown to increase NAc shell DA levels, but this effect disappears when the food becomes familiar (Bassareo et al, 2002) . Disruption of DA signaling also differentially affects reinforcer types. For example, lesion of NAc dopaminergic afferents does not affect self-administration of morphine or food (Dworkin et al, 1988; Caine and Koob, 1994b) , but does disrupt selfadministration of cocaine (Caine and Koob, 1994b) and novelty place preference (Pierce et al, 1990) . Likewise, D1 receptor-deficient mice fail to self-administer cocaine, but continue to self-administer food and opiates (Caine et al, 2007) .
Operant models are powerful in assessing the reinforcing values of a variety of reinforcers and have a high degree of construct and face validity for the study of addiction (O'Brien and Gardner, 2005) . To characterize the reinforcing effects of novelty/sensation seeking in an operant model, we tested the ability of varied visual stimuli to support operant responding in C57Bl/6J mice. We found that these mice will 'self-administer' varied visual cues without prior training, a task we refer to as operant sensation seeking (OSS). We further characterized OSS using a higher schedule of reinforcement and tested resistance to extinction as well as sensitivity to DA signaling. Like cocaine and heroin self-administration, OSS is sustained with extended sessions, and sensation seeking continues under extinction conditions Stewart, 1981, 1983; Ahmed and Koob, 1998; Ahmed et al, 2000) . Our results suggest that dynamic stimuli are reinforcing to mice, and encoding of this type of reinforcement may be similar to drug reinforcement as opposed to that of other natural or nondrug reinforcers.
MATERIALS AND METHODS

Animal Care
Male C57Bl/6J mice were obtained from Jackson Laboratories (Bar Harbor, ME, USA) at 3 weeks of age. DA D1 receptor (drd1a)-deficient mice were bred in house from heterozygous matings of animals backcrossed onto C57Bl/6J background 414 generations, and genotypes were determined as described previously (Stanwood et al, 2005) . Mice were housed 2-5 per cage in a temperature and humiditycontrolled environment (lights on 0600-1800 h). Mouse cages (30 l Â 16w Â 14d cm) contained corn cob bedding supplemented with a small amount of cellulose bedding (Carefresh). Food and water were available ad libitum unless noted. Mice were handled for 3 days before the beginning of experiments. All procedures were approved by the Animal Care and Use Committee at Vanderbilt University.
Novel Open Field Activity
Before OSS, mice were tested for open field locomotor activity in a novel environment as described previously . Mice were tested in a 1-h session using automated experimental chambers (27.9 Â 27.9 cm; MED-OFA-510; MED Associates, St Albans, VT) under constant illumination within a sound-attenuated room. Analysis of open field activity was performed using activity monitor v5.10 (MED Associates).
Operant Conditioning
Operant chambers. Operant training chambers are as described by Olsen and Winder(2006) , with levers mounted 2.2 cm above the grid floor and cue lamps (yellow LEDs) mounted 2 cm above them. At the beginning of each session, the house light and exhaust fan were turned on. In the OSS group, a compound visual/auditory stimulus was presented after completion of the required ratio (detailed below), whereas presses on the inactive lever were counted but had no programed consequence. The compound stimulus was a presentation of flashing cue lights (random duration of 2, 4, 6, or 8 s; random flash rate of 0.625, 1.25, 2.5, or 5 Hz), with each flash randomly on the right or left side of the chamber, and the house light was turned off during the visual stimuli. The auditory stimulus was activation of an infusion pump located within the cubicle (no infusion is made). There were no results of pressing either lever in control mice, therefore levers are denoted as 'lever 1' or 'lever 2', and were counterbalanced across chambers.
Experiment 1: Fixed Ratio Operant Responding for Varied Visual Stimuli
Subjects were tested in 1-h sessions without any prior training or dietary restriction. Active lever assignment (left or right lever) was counterbalanced across animals. Mice received varied visual and auditory stimuli following each active lever press (FR-1), whereas inactive lever presses had no consequence. Initially, eight mice were tested for OSS (Figure 1a) . Fifteen additional mice were tested in a replicate study , this time with the inclusion of a control group (C mice) that received no consequence of lever pressing (eight OSS and seven C mice). As the goal of this experiment was to characterize OSS, no exclusion criteria were set. (1) FR-1 OSS, (2) PR OSS, and (3) extinction. After 14 days of FR-1 OSS, mice responded for stimuli on a PR in five daily 2-h sessions. Mice that did not meet acquisition criteria for FR-1 OSS (mean X60% lever accuracy and X20 active lever presses during the last five sessions) were removed from the experiment. One mouse was excluded based on this criterion. During PR sessions, the schedule of reinforcement was increased in the following pattern: 1, 2, 4, 6, 9, 12, 16, 20, 25, 30 , and so on. (Colby et al, 2003; Olsen and Winder, 2006) . To facilitate acquisition of PR, only the active lever was available. To control for any nonspecific increase in lever pressing that could occur due to stimulus presentation, control mice received yoked presentations of the stimuli and their lever pressing (there was no consequence of lever pressing in control mice) was measured. During the PR phase, OSS mice continued to receive visual stimuli as a reinforcer, whereas C mice received yoked stimuli. Lever responses by C mice remained without consequence.
Extinction. Following the PR phase, mice were tested for extinction in hourly sessions separated by a 5-min period (levers were retracted, and the fan and house light were extinguished). During extinction, OSS mice received presentation of the pump sound in response to active lever pressing and there was no result of lever pressing in control mice. Extinction was performed 3-4 days following PR experiments. Extinction continued until a criterion of p20 active lever presses for 2 consecutive hours was met or the maximum eight sessions had been completed (these mice received a value of eight trials to extinction).
Experiment 3: Effects of DA Antagonism on OSS
A separate cohort of 16 mice was used to determine the effects of DA antagonism on FR-1 OSS. Mice first underwent 14 sessions, then half of the mice were assigned to the OSS group (FR-1 OSS as described) and half of the mice were in the control group (no consequence of pressing either lever). All mice were habituated to the injection procedure (10 ml/ kg s.c. 30 min before the beginning of the session) during the last three sessions. Two mice were removed due to not meeting acquisition criteria (see Experiment 2). A final session was performed 30 min after saline injection for 'baseline' active lever pressing values in OSS and C mice. cis-(Z)-flupenthixol (Sigma, St Louis, MO, USA) was dissolved in saline and given at doses of 0.01, 0.03, 0.09, 0.15, and 0.21 mg/kg (10 ml/kg s.c., 30 min beore) across sessions. Mice received each dose 48 h apart using a withinsubjects Latin square design, with nondrug (saline injection) OSS sessions run in between doses.
Experiment 4: Effects of DA D1 Receptor Deletion on OSS and Operant Responding for Food
Nineteen DA D1 receptor (drd1a) null and wild-type (WT) littermate mice underwent 14 FR-1 OSS sessions as described. To characterize performance of all of these mice in OSS, no exclusion criteria were set. To determine whether D1 null mice are capable of acquire FR-1 operant behavior using another reinforcer, a separate cohort of nine D1 null and WT mice were allowed to lever press for food. Mice were food restricted (food available B6 h/day) and trained to lever press for food as described . Briefly, mice were trained to self-administer 25% vanilla Ensure on an FR-1 schedule in daily sessions. A session ended when a subject obtained 50 reinforcers or after 1 h.
Experiment 5: Effects of Extended Access on OSS
A separate cohort of 23 mice was tested for the effects of extended access on OSS. All mice had an initial 10 days of 1-h FR-1 OSS sessions. Four mice did not meet acquisition criteria (mean X60% lever accuracy and X20 active lever presses during last two sessions) and were removed from the study. Following the 10 sessions, mice were divided into two groups counterbalanced by the number of active lever presses on day 10: a 1-h access group (n ¼ 9 mice) and a 6-h access group (n ¼ 10 mice). Ten more sessions were run, and then extinction sessions were performed as described 7-9 days following the last OSS session.
Statistical Analysis
OSS data were analyzed by multivariate repeated measures ANOVA (session (repeated), factor B, lever or group where appropriate, factor C, lever or group where appropriate) followed by Fisher's LSD multiple comparisons. An exception to this is in cis-flupenthixol experiments, where the repeated factor was dose and factor B was group. GamesHowell multiple comparisons were performed when variances were significantly heterogeneous (as measured by Levene's F).
RESULTS
Mice Acquire Operant Behavior for Novel Visual Stimuli
Subjects were tested without prior training or dietary restriction on an FR-1 schedule. In response to active lever pressing, mice received varied visual stimuli whereby each reinforcer consisted of flashing of stimulus lamps with random frequencies and durations (see MATERIALS AND METHODS for details). The stimuli supported operant behavior as shown by significantly elevated active lever pressing relative to inactive lever pressing across sessions. There were significant main effects of both lever (F(1,208) ¼ 30.4, po0.0001) and session (F(13,208) ¼ 10.5, po0.0001) as well as an interaction effect (F(13,208) ¼ 3.5, po0.0001) Post hoc tests showed significant differences between levers across several sessions (Figure 1a) . We repeated the experiment using separate mice, including a control group, which received no consequence of pressing either lever. Mice receiving visual cues (OSS mice) again acquired operant behavior, whereas controls (C mice) did not (Figure 1b and c) . Three-way ANOVA revealed significant effects of group (F(1,390) ¼ 17.5, po0.001), lever (F(1,390) ¼ 11.4, po0.01), and session (repeated factor, F(13,390) ¼ 6.4, po0.0001). All interactions were also significant (po0.0001). Figure 1d shows the time course of active lever presses by an OSS mouse and lever 1 presses from a control mouse on session 10.
OSS is Maintained on PR and Is Resistant to Extinction
To determine whether the novel stimuli would support PR responding on a more demanding schedule, a cohort of mice was tested on a PR following 14 days of FR-1 responding. In daily 2-h sessions, OSS mice maintained high levels of responding, whereas C mice responded very little (Figure 2a-c) . Comparing lever pressing across sessions (Figure 2b ), there was a significant main effect of group (F(1,60) ¼ 25.5, po0.001), but not session (F(4,60) ¼ 2.0, NS), or interaction (F(4,60) ¼ 0.74, NS). Following the 5 days of PR sessions, mice underwent 1-h extinction trials within a single day until reaching criteria or until the maximum number of trials had been reached (Figure 2d ). OSS mice responded persistently during extinction trials, taking a mean of 7.4±0.4 sessions to meet extinction criteria, whereas C mice had much lower responding and met criteria in 2.3 ± 0.3 sessions. OSS mice that had gone through extinction sessions following 1-or 6-h FR-1 sessions showed a typical pattern of extinction responding that gradually declined over six sessions (Figure 4d ).
OSS is Sensitive to Disruption of Dopaminergic Signaling
A separate cohort of mice was tested for OSS following pretreatment with the DA receptor antagonist cis-flupenthixol. OSS and control mice first had 14 1-h sessions as described (there was never any consequence of lever pressing in control mice), then were tested following pretreatment with varying doses of cis-flupenthixol in a Latin square design. As baseline responding was different between groups (OSS: 90.0±25.3; control: 15.5±6.2), responses were analyzed as %baseline responding. There was not a significant main effect of group (F(1,70) ¼ 1.87), although there was a main effect of dose (F(5,70) ¼ 12.0, po0.0001), and a significant group Â dose interaction (F(5,70) ¼ 3.30, p ¼ 0.01). Specifically, low doses of flupenthixol increased active lever pressing in OSS mice (Figure 3a ), an effect reported for self-administration of cocaine (Caine and Koob, 1994a; Ahmed and Koob, 2004) and intracranial self-stimulation (ICSS; when using parameters that mimic the kinetics of drug infusions; Lepore and Franklin, 1992) . These effects have been interpreted to indicate that DA receptor blockade attenuates the reinforcing efficacy of cocaine and ICSS (Lepore and Franklin, 1992; Caine and Koob, 1994a) . DA antagonism does not have this effect on opiate self-administration (Ettenberg et al, 1982) , but low doses of opiate antagonist do, consistent with the idea that responding increases to compensate for decreased reinforcing efficacy of the drug (Goldberg et al, 1971; Weeks and Collins, 1976; Ettenberg et al, 1982) . Next, D1 null mutant mice were allowed to perform OSS in 14 daily FR-1 sessions. Analysis of active lever pressing revealed significant main effects of genotype (F(1,247) ¼ 12.9, po0.01) and session (F(13,247) ¼ 11.2, po0.0001) and a significant interaction (F(13,247) ¼ 5.65, po0.0001). Analysis of lever accuracy also showed significant effects of genotype (F(1,247) ¼ 7.77, po0.05), session (F(13,247) ¼ 3.50, po0.0001), but not interaction (F(13,247) ¼ 1.16, NS). Compared with WT littermates, D1 null mice did not increase active lever responding (Figure 3b ), nor did they show a preference for the active lever (Figure 3c ), consistent with earlier reports of D1 null mice being insensitive to novelty (Holmes et al, 2004) . D1 null mice had similar inactive lever presses as WT littermates did during sessions 11-14 (D1 null: 57.8 ± 20.6, WT: 37.4 ± 9.5, NS), suggesting that lever pressing is not impaired. Additionally, D1 null mice acquired lever pressing for food (Figure 3d ) as reported previously (Caine et al, 2007) .
OSS Persists with Extended Access
An interesting aspect of the varied stimuli reinforcers used in this study is that there should not be a cumulative effect of the reinforcer itself, ie, there is no drug level that the animal is trying to maintain nor is there a satiety signal following sufficient food consumption. This would suggest that like intracranial self-stimulation studies, levels of responding may be maintained for very long periods of time (Schaefer and Michael, 1992) . In fact, sustained responding during extended sessions would indicate that this type of reinforcer would be highly efficacious. A hallmark of drugs of abuse in self-administration studies is that total drug intake increases, and the first hour responding escalates with extended access (Ahmed and Koob, 1998; Roberts et al, 2007) . Following OSS acquisition, 10 of the mice were allowed extended access to OSS to determine whether this would (1) increase active lever responding, (2) lead to response escalation during the first hour, or (3) make the mice more resistant to extinction. Analysis of active lever presses revealed a significant effect of session length (F(1,171) ¼ 8.18, p ¼ 0.01), but no effect of session (F(9,171) ¼ 1.12, NS) or interaction (F(9,171) ¼ 1.12, NS). When given long access sessions (6 h), mice responded on the active lever significantly more than the mice given short-term access (1 h) during several of the sessions (Figure 3a ). This resulted in responding at a mean rate of 93.5 ± 6.2 presses per hour for mice in the extended access group compared to 82.9 ± 2.9 presses per hour for mice in the short access group (t(12) ¼ 1.56, NS). First hour responding was not significantly different between 1-and 6-h access mice, as indicated by a lack of effect of session length Figure 3b ). The majority of the variance in first hour responding of extended access mice was due to two mice, which responded much more than the group mean (Figure 4c ). Comparison of active lever presses during extinction sessions (7-9 days following the last operant session) revealed no significant effect of session length (F(1,95) ¼ 0.27, NS), but there were significant effects of session (F(5,95) ¼ 9.90, po0.0001) and interaction (F(5,95) ¼ 2.52, po0.05). Post hoc tests revealed that extended access mice responded significantly more during the first hour than short access mice (Figure 4d ).
OSS does Not Correlate with Locomotor Activity in a Novel Environment
As 'novelty seeking' as measured by locomotor response in a novel open field correlates with operant drug intake (Piazza et al, 1989; Cain et al, 2005; Davis et al, 2008) , we investigated the same 'novelty seeking' parameters in relation to OSS. Novel open field locomotor data from 38 of the mice in this study were plotted against operant responses following acquisition (mean active lever presses of sessions 9 and 10). Total distance traveled did not correlate with active lever pressing (r 2 ¼ 4.3 Â 10 À6 , Supplementary Figure S2A ), and mice grouped as 'high' or 'low' responders by median split of distance traveled had no difference in active lever pressing (p ¼ 0.79, individuals shown in Supplementary Figure S2B ).
DISCUSSION
Static visual and auditory stimuli have been shown to support operant behavior in rats and mice, with more complex stimuli eliciting greater response (Marx et al, 1955 ; Figure 3 Disruption of dopamine signaling alters OSS. (a) Low doses of cis-flupenthixol increased lever responding in OSS, but not C mice, whereas higher doses attenuated responding in both groups (n ¼ 6-8, **po0.01). (b) Dopamine D1 null mice do not increase active lever pressing (c) nor do they develop an active lever preference (n ¼ 8-11, *po0.05, **po0.01). (d) D1 null mice increase active lever pressing (left) and develop an active lever preference (right) for food reinforcer (n ¼ 4-5). Stewart, 1960; Baron and Kish, 1962; Cain et al, 2006 ) First, we found that a reinforcer without pharmacological effect (such as a drug of abuse) or endogenous motivational drive (such as food or water) supports operant responding, even on a high response requirement (progressive ratio) or after extended access. This expands on earlier studies, which have focused on responding under fixed ratio or fixed interval reinforcement schedules in sessions typically lasting 1 h or less (Stewart, 1960; Barnes and Baron, 1961; Donny et al, 2003; Cain et al, 2006) . Although PR responding for audio and visual stimuli has been reported, this has been performed when investigating the stimuli as conditioned reinforces, not with the stimuli as reinforcers themselves. Specifically, the stimuli had been paired with nicotine or sucrose administration, and controls still received sucrose solution within the testing chamber under conditions of hunger (although unpaired to the cues, they were presented in the same context as the stimuli) (Caggiula et al, 2001; Chaudhri et al, 2006) . Additionally, animals in these studies that did not have a history of explicit pairing of the stimuli with sucrose decreased PR responding over subsequent sessions. This lack of PR responding may be due to the consistent nature of the stimuli, as opposed to the dynamic nature of OSS stimuli, or it could be a species difference (rats vs mice). Indeed, in rats that were in social housing conditions, varied visual stimuli did not lead to operant responding (Cain et al, 2006) , consistent with the idea that there could be differences in the reinforcing effects of visual and auditory stimuli between rats and mice.
Several of our results show similarities of this reinforcer with psychostimulants, including resistance to extinction, sensitivity to disruptions in DA signaling, and maintained responding with extended access. Although extinction has been examined in regards to operant responding for sensory stimuli, this has been performed in limited duration sessions (Stewart, 1960; Baron and Kish, 1962) . The present data suggest that resistance to extinction is seen following responding on both PR and FR-1 schedules of reinforcement in repeated within-day sessions. Next, we found that both pharmacological and genetic disruption of DA signaling altered OSS. Low doses of the DA antagonist cisflupenthixol increased responding for OSS stimuli, an effect that has been previously shown for self-administration of cocaine (Ettenberg et al, 1982; Ahmed and Koob, 2004) , but not seen heroin (Ettenberg et al, 1982) . Mice lacking the D1 DA receptor also failed to acquire operant responding for OSS stimuli, although they acquire operant behavior when food or opiate is the reinforcer (Caine et al, 2007) . To our knowledge, this is the first report of interruption of DA signaling affecting the reinforcing effects of sensory stimuli. Next, we compared OSS in mice that were allowed extended access compared to continued short access sessions following acquisition. Earlier studies using sensory stimuli as a reinforcer have focused on relatively short sessions, typically 1 h or less (Stewart, 1960; Barnes and Baron, 1961; Donny et al, 2003; Cain et al, 2006) . Extended access leads to escalated intake of cocaine, amphetamine, and heroin when measured by increased total and hourly intake (Ahmed and Koob, 1998; Ahmed et al, 2000; Kitamura et al, 2006; Rogers et al, 2008) . Compared to mice with short access OSS, mice with extended access had elevated total session responding and maintained hourly rates of responding similar to short access mice. However, neither group showed escalated responding compared to their previous performance and extended access mice did not have significantly increased first hour responding relative to short access mice. Thus, extended access to OSS did not result in significant habituation or escalation. It is unclear why high and consistent response rates were maintained during repeated sessions, but with such extensive exposure, 'novelty seeking' is not likely responsible for this persistent behavior. One explanation for the high response rates, especially during extended sessions, could be that responding has transitioned from action-outcome based to stimulus-response (habit) based, whereby performance is repetitive, but no longer goal directed (Adams and Dickinson, 1981; Everitt and Robbins, 2005; Graybiel, 2008) . The high levels of extinction responding following OSS suggest this as a possible explanation, although additional experiments including devaluation of OSS stimuli are necessary to properly test this hypothesis. Other explanations for persistent OSS may lie in the lack of food availability during sessions. Concurrent choice experiments show the ability of competing rewards (including chow on the floor of the testing chamber) to decrease responding for other reinforcers (Cousins et al, 1994; Lenoir et al, 2007) . It is also possible that extended sessions in the absence of food increases stress and/or hunger, and both of these states have been shown to increase operant responding (Lu et al, 2003) . Despite the maintenance of responding throughout extended sessions, escalation was not observed. Although escalation of intake is a characteristic of extended access to psychostimulants and opiates, neuroadaptations that are thought to contribute to addiction are still observed in conditions that do not produce escalation (ie, 1-2 h drug self-administration sessions). For example, depression in basal NAc glutamate levels (McFarland et al, 2003) , altered spine density and morphology in the cortex and NAc (Robinson et al, 2001) , and disrupted synaptic plasticity within the ventral tegmental area and NAc (Martin et al, 2006; Chen et al, 2008) , all occur following short access drug self-administration sessions. Although OSS mice did not show escalation, this does not preclude the possibility that long-lasting alterations in motivational circuitry could also accompany 'self-administration' of this nondrug reinforcer. Therefore, we suggest that the use of OSS in mice may be an invaluable tool in the study of the behavioral genetics underlying motivational and addiction-related processes.
In this study, we showed that C57Bl/6J mice will readily learn an operant response for varied visual stimulation. We found that a reinforcer without pharmacological effect (such as a drug of abuse) or endogenous motivational drive (such as food or water) supports operant responding, even on a high response requirement (progressive ratio). In rats, novelty has been shown to be reinforcing using place conditioning (Bardo et al, 1989; Besheer et al, 1999) , and static visual stimuli support operant behavior on fixed ratios of reinforcement (Marx et al, 1955; Stewart, 1960; Baron and Kish, 1962) . In primates, operant responses will be maintained for visual stimuli (Butler, 1961) , and responding increases as they become more dynamic (Blatter and Schultz, 2006) . Dynamic visual stimuli have also been shown to support operant behavior in rats, but there is a significant effect on rearing conditions (Cain et al, 2006) . As environmental enrichment has been shown to increase habituation to novel stimuli (Zimmermann et al, 2001) , it may be expected that increasing housing enrichment may attenuate OSS. Consistent with this, rats that were reared in an isolated environment acquired operant responding for dynamic visual stimuli, whereas those reared in socially and environmentally enriched housing did not (Cain et al, 2006) . In this study, mice were not environmentally enriched (no novel or complex objects were included in housing), but were socially housed (2-5 mice per cage). An interesting question that remains is whether isolation will increase or further environmental enrichment will decrease OSS responding in mice. We found that fixed ratio responding (lever presses and accuracy) is comparable to levels we have reported previously for cocaine (Grueter et al, 2006) in this strain, and responding for varied visual stimuli is maintained on the same PR schedule that supports cocaine self-administration in mice (Colby et al, 2003; Olsen and Winder, 2006) . Cis-flupenthixol has been shown to induce rightward shifts in the dose-response curve of FR-1 self-administered cocaine, resulting in an increase in responding with low antagonist doses and a depression of responding with high doses (Ahmed and Koob, 2004) . This trend was observed in this study using OSS, suggesting that the visual stimuli are not near a reinforcement threshold; rather, there is a measurable decrease in reinforcing efficacy (resulting in higher lever pressing) before it becomes subthreshold. This idea is supported by performance on the PR schedule of reinforcement.
It is difficult to directly compare novelty/sensation seeking between humans and rodents. A key aspect of novelty or sensation seeking between both species, however, is that there is a theoretical spectrum of stimuli, where low-and high-intensity stimuli elicit an avoidance response (ie, boredom and fear, respectively), and optimal stimuli elicit approach behavior (ie, approach or engaging in an activity; for example, see Hughes(2007) . Although the mice in the OSS task are not pursuing the same stimuli as humans, the OSS stimuli elicit approach and are reinforcing as evidenced by acquisition and maintenance of an operant response.
There has been a recent trend toward considering behavioral addictions (such as pathological gambling or compulsive eating) to be highly similar to substance abuse and dependence (Wang et al, 2004; Volkow and Wise, 2005; Grant et al, 2006) . Behavioral addictions fit the classical definition of addiction that includes engaging in the behavior despite serious negative consequences (Holden, 2001; Hyman et al, 2006) , and manifest in similar psychological and behavioral patterns, including craving, impaired control over the behavior, tolerance, withdrawal, and high relapse rates (Marks, 1990; Lejoyeux et al, 2000 ; National Institute on Drug Abuse (NIDA) et al, 2002; Potenza, 2006) . These patterns suggest that neuroadaptations similar to those induced by drugs of abuse may be occurring, even in the absence of a pharmacological reinforcer. The present data also provide evidence that addictions involving nondrug reinforcers may have similar neural underpinnings as drug addiction. As OSS does not use a pharmacological reinforcer and leads to both reinforced behavior and seeking, it could have high face validity for the study of behavioral addictions. OSS is not designed to model behavioral addictions per se, but it results in motivated and persistent behavior, which is not driven by a pharmacological or food reinforcer. Thus, OSS may be a novel early step in identifying substrates specific to behavioral addictions in humans.
The trait of novelty or sensation seeking has been associated with increased drug use in numerous human populations (Zuckerman, 1986; Cloninger, 1987; Jaffe and Archer, 1987) . Rodent models of novelty seeking have also revealed a similar trend, as novelty seeking correlates with the degree of drug reinforcement in individuals (Piazza et al, 1989; Klebaur and Bardo, 1999) . There are also other indications that the reinforcing effects of novelty are mediated by some of the same neural substrates as drugs of abuse. Exposure to a novel environment has additive effects with cocaine on locomotor activation, and immediate early gene expression (Badiani et al, 1998) and visual stimuli (similar to those used in this study, but static) are synergistic with nicotine in operant reinforcement (Caggiula et al, 2001) . Further, exposure to novel stimuli can compete with the reinforcing effects of psychostimulants in self-administration and conditioned place preference (Bardo et al, 2001; Reichel and Bevins, 2008) . We found that pharmacological and genetic disruption of DA signaling was capable of altering the reinforcing value of dynamic stimuli, suggesting that the neural substrates may be more similar to psychostimulants than food. It is unlikely that DA disruption had a nonspecific effects on operant responding (except at high doses of antagonist), as DA is not critical for acquisition of an operant task, especially when task requirements are low (Holmes et al, 2004; Salamone, 2007) . Additionally, inactive lever pressing on session 1 was comparable between D1 null and WT mice (15.0 ± 4.9 and 16.7±4.5, respectively), suggesting that lever pressing was not impaired in these mice. This study lends further support to the idea that novelty/sensation seeking is closely related to drug seeking and that OSS can be used to study processes relevant to drug and other addictions.
We also found that mice were resistant to extinction, as they exhibited high levels of 'seeking' behavior during extinction sessions (Figures 2d and 4d) . At first glance, it may be tempting to consider the high first hour extinction responding in long access mice relative to short access ones as the 'incubation' effects on seeking as reported for cocaine (Grimm et al, 2001) . A comparison of first hour responding of these same mice during extended access to the reinforcer, however, reveals that first hour extinction values are not significantly different than the last operant session before extinction. Interestingly, short access mice had significantly lower responding in the first hour of extinction relative to their last operant session (po0.01). Nonetheless, mice with either short or long access experience still had greater extinction responding than control mice. In fact, mice in this study showed levels of 'seeking' (extinction responding) similar to or greater than other studies following cocaine (Fuchs et al, 2003; Mead et al, 2007) or methamphetamine (Yan et al, 2006) self-administration in C57 mice. This behavioral persistence is a hallmark of animals following drug self-administration and provides further evidence that this method may have predictive validity for screening treatments for drugs of abuse (ie, can treatment reduce the reinforcing effects of novelty or subsequent seeking behavior?).
